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Michele Torre1*, Marcello Carlucci1, Simone Speggiorin2 and Martin J Elliott2Abstract: Severe tracheomalacia presents a significant challenge for Paediatricians, Intensivists, Respiratory
Physicians, Otolaryngologists and Paediatric Surgeons. The treatment of tracheomacia remains controversial, but
aortopexy is considered by most to be one of the best options. We conducted a review of the English literature
relating to aortopexy.
Among 125 papers, 40 have been included in this review. Among 758 patients (62% males) affected with
tracheomalacia, 581 underwent aortopexy. Associated co-morbidities were reported in 659 patients. The most
frequent association was with oesophageal atresia (44%), vascular ring or large vessel anomalies (18%) and
innominate artery compression (16%); in 9% tracheomalacia was idiopathic. The symptoms reported were various,
but the most important indication for aortopexy was an acute life-threatening event (ALTE), observed in 43% of
patients. The main preoperative investigation was bronchoscopy. Surgical approach was through a left anterior
thoracotomy in 72% of patients, while median approach was chosen in 14% and in 1.3% a thoracoscopic aortopexy
was performed. At follow-up (median 47 months) more than 80% of the patients improved significantly, but 8%
showed no improvement, 4% had a worsening of their symptoms and 6% died. Complications were observed in
15% of patients, in 1% a redo aortopexy was deemed necessary.
In our review, we found a lack of general consensus about symptom description and evaluation, indications for
surgery, though ALTE and bronchoscopy were considered by all an absolute indication to aortopexy and the
gold standard for the diagnosis of tracheomalacia, respectively. Differences were reported also in surgical
approaches and technical details, so that the same term “aortopexy” was used to describe different types of
procedures. Whatever approach or technique was used, the efficacy of aortopexy was reported as high in the
majority of cases (more than 80%). A subgroup of patients particularly delicate is represented by those with
associated gastro-esophageal reflux, in whom a fundoplication should be performed. Other treatments of
tracheomalacia, particularly tracheal stenting, were associated with a higher rate of failure, severe morbidity
and mortality.
Non english abstract: La tracheomalacia severa rappresenta una sfida per Pediatri, Intensivisti, Pneumologi,
Otorinolaringoiatri, Chirurghi Pediatri. Il trattamento della tracheomalacia è tuttora controverso. L’aortopessi è
considerata da molti la migliore opzione terapeutica. Abbiamo condotto una revisione della letteratura di lingua
inglese su tale argomento.
Di 125 lavori, 40 sono stati inclusi nella revisione. Tra 758 pazienti (62% maschi) affetti da tracheomalacia, 581
sono stati sottoposti ad aortopessi tra il 1968 e il 2008. In 659 pazienti alcune comorbidità erano presenti.
L’associazione più frequente era con l’atresia esofagea (44%), l’anello vascolare o un’anomalia dei grossi vasi (18%),
la compressione da parte dell’arteria innominata (16%); nel 9% la tracheomalacia era idiopatica. I sintomi riportati
sono stati variabili, ma l’indicazione più importante all’aortopessi sono stati eventi di ALTE, osservati nel 43% dei
pazienti. Lo studio diagnostico preoperatorio principale è stato la broncoscopia. L’approccio chirurgico è avvenuto
attraverso una toracotomia anteriore sinistra nel 72% dei pazienti, mentre un approccio mediano è stato scelto
(Continued on next page)* Correspondence: micheletorre@ospedale-gaslini.ge.it
1Paediatric Surgery, G. Gaslini Institute, Genova 16145, Italy
Full list of author information is available at the end of the article
© 2012 Torre et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
Torre et al. Italian Journal of Pediatrics 2012, 38:62 Page 2 of 9
http://www.ijponline.net/content/38/1/62(Continued from previous page)
nel 14% e nell’1.3% dei casi è stato eseguito un approccio toracoscopico. Al follow-up (mediana di 47 mesi) la
maggioranza dei pazienti sono migliorati significativamente, ma l’8% di essi non è migliorato, il 4% è peggiorato
e il 6% è morto. Complicazioni sono state riportate nel 15% dei pazienti, nell’1% un nuovo intervento di
aortopessi è stato necessario.
In questa revisione abbiamo trovato che non c’è un consenso generale sulla valutazione e sulla descrizione dei
sintomi, sulle indicazioni chirurgiche ed esami preoperatori, anche se le ALTE e la broncoscopia venivano
considerate rispettivamente un’indicazione assoluta all’aortopessi e il “gold standard” diagnostico per la
tracheomalacia. Venivano riportate differenze negli approcci chirurgici e nei dettagli tecnici, e lo stesso termine di
aortopessi veniva usato per indicare diverse procedure chirurgiche. In ogni caso, indipendentemente
dall’approccio o tecnica utilizzati, l’efficacia dell’aortopessi veniva riportata come elevata nella maggioranza dei casi
(più dell’80%). Un sottogruppo di pazienti particolarmente delicato è rappresentato da quelli con reflusso
gastroesofageo associato, nei quali sarebbe indicata una fundoplicatio. Altri trattamenti della tracheomalacia, quali
stent tracheale, sembrano gravati da una maggiore percentuale di insuccessi, morbidità severa e mortalità.
Keywords: Tracheomalacia, Aortopexy, Sternotomy, Thoracotomy, Thoracoscopy, Bronchoscopy, ALTE,
Gastro-oesophageal reflux, Tracheal stent, Oesophageal atresiaIntroduction
The aim of this paper is to evaluate and discuss the
literature relating to indications, surgical details and
clinical results of aortopexy, usually performed for tra-
cheomalacia (TM).
TM is a localized or generalized weakness of the
tracheal wall which creates airway obstruction resulting
in different degrees of symptoms. It can be isolated or
associated with other anomalies such as anterior vascular
compression, oesophageal atresia (OA) with tracheo-
oesophageal fistula (TOF) or gastro-oesophageal reflux
(GOR). Although, in some cases, spontaneous improve-
ment can occur, TM can also result in severe cough,
respiratory distress episodes or “near-death” spells (acute
life-threatening events, ALTE). Amongst several possible
treatments, including tracheostomy and non invasive
ventilation, airway stenting, and surgical approaches,
aortopexy is a favoured option in many centres. Aortopexy
means lifting anteriorly the aorta and suturing it to the
posterior surface of the sternum. As the anterior tracheal
wall is attached through pre-tracheal fascia to the pos-
terior aortic wall, the tracheal lumen is opened by
aortopexy.
Despite this popularity, there is a surprising lack of
evidence to support aortopexy as effective treatment for
TM [1], and no randomized controlled trials have been
published on this subject. Most papers report only small,
single centre series.
Moreover, the term ‘aortopexy’ is rather generic and
may describe many different approaches and different
techniques. The approach to the aorta can be anterior,
through a median full or limited sternotomy [2], pos-
sibly associated with cervical incision, lateral or antero-
lateral [3], from both sides of the thorax. More recently,
thoracoscopic aortopexy has been described [4].Materials and methods
A literature review was conducted on PubMed, using
the search term “Aortopexy” without setting any tem-
poral or other limits. Inclusion criteria for the review
were papers written in English reporting more than one
case of aortopexy. The references articles of the selected
papers were screened and included if they met the inclu-
sion criteria.
A total of 125 papers were identified, but only 40 papers
met the inclusion criteria and thus form the subject of
our review. The articles were classified according to
the revised SIGN grading system, available on http://
www.sign.ac.uk/guidelines/fulltext/50/section6.html. The
following data have been retrieved from every paper
included: demographics (number, sex and age of the
patients), causes of TM, clinical data (symptoms, co-
morbidities), diagnostic investigations, type of treatment
(approach to aortopexy, other surgical procedures), out-
come (complications, resolution of symptoms and length
of follow up).
Results
Table 1 shows the list of the papers evaluated and the
summary of the data retrieved. We analyzed 40 articles.
Of these, 14 reported less than 10 patients, 13 papers
between 10 and 20 patients and only 16 articles more
than 20 patients.
A total of 758 patients (62% males) were affected with
TM; 581 of them underwent aortopexy at a mean age of
10.5 months between 1968 and 2008. TM was associated
with OA in 44% of patients; in 18% vascular rings or
other anomalies of the heart or great vessels was
reported; and in 16% there was right innominate artery
compression. In 9% the TM was classified as idiopathic.
The most frequent symptom was one or more episodes
Table 1 Aortopexy review of the literature
Author Period SIGN
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Table 1 Aortopexy review of the literature (Continued)
Schaarschmidt
et al. J Pediatr
Surg 2002
2000 D 2 1 OA 1 AAA 2B 2 2 AP - 2 G 17
Ahel et al.
Pediatr Int 2003
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Kiely et al.
Ped Surg Int1987



























1988-1992 C 20 - 20 B 20 19 AP 1 PPA 3 LTP 1 TS 14 G 4 P 2 W
Table legend: Literature review: period, number and sex of patients, diagnostic, type of surgery and outcome are shown. Articles were classified according to revised SIGN grading system.
List of abbreviations in Table 1:








IA= Innominate Artery Compression.
IT= Idiopathique Tracheomalacia.
LTP= Laryngotracheoplasty.





PAA= Pulmonary Artery Anomalies.
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monias (21%), respiratory distress (14%), cough and/or
wheezing (8%), dysphagia (4%) or impossibility to wean
from mechanical ventilation (3.5%). In a population of
patients with TM and innominate artery compression [5],
the presenting symptom varied according to age, as small
infants presented more frequently with ALTE or apnoeic
episodes and older children with cough episodes. Among
pre-operative investigations, bronchoscopy was per-
formed in 98% of cases.
The surgical approach was mainly via thoracotomy;
left anterior in 72% of cases, right anterior in 9% and
muscle sparing in 2%. A median approach (partial or full
sternotomy) was electively chosen in 15%. This solution
was also adopted instead of another approach if another
cardiovascular procedure had to be performed at the
same time. In the largest series published [6], left thora-
cotomy and median sternotomy were compared and no
differences have been found in terms of efficacy of the
aortopexy. In 1% of patients a thoracoscopic aortopexy
was performed. Intra-operative bronchoscopy was per-
formed in 37% of cases to evaluate the resolution of the
tracheal collapse during the maneuver, but the majority
of the surgeons (58%) do not describe it as necessary.
One of them reported using intra-operative bronchos-
copy during their initial experience but discarded it later
on [7].
The mean and median follow up was 42 and 47
months, respectively. More than 80% of the patients had
a satisfactory improvement of the symptoms, 8% did not
improve, 4% had a worsening of their symptoms and 6%
died. As a lower success rate in patients with GOR was
described, [8,9] fundoplication prior [10] or after the
aortopexy [7] was suggested. In a study in which the effi-
cacy of aortopexy was compared in different populations
[6], good results were observed after aortopexy in
patients with TM associated with OA and TOF, vascular
compression or primary TM. The only group with poorer
outcome was represented by the patients with associated
severe cardiac anomalies or other severe comorbidities.
In the study comparing two groups of patients with
TM by innominate artery compression, presenting at dif-
ferent ages, the success rate of aortopexy was satisfactory
in both groups [5].
Objective improvement of respiratory function after
aortopexy, in particular FEV1, was reported by two
authors [11,12].
The most frequent complications of aortopexy were:
pneumothorax or pleural effusion (3%), lung atelectasis
(2.5%), pericardial effusion (2%), phrenic nerve palsy
(1.3%), bleeding (1%). Re-do aortopexy was reported in
less than 1% of cases. Other surgical procedures per-
formed before, in association with, or after, aortopexy
were; vascular ring division (17.5%), external or internalstenting of the trachea (5%), tracheal resection or tra-
cheoplasty (3.7%), and tracheopexy (1.3%) Three studies
reported a predisposition of the patients to get chest
infections, even long after aortopexy [11,13,14].Discussion
The review of the literature showed that TM may be
associated with different conditions, such as OA, vas-
cular rings, and innominate artery compression. The
difference in TM types and the variety of associations
result in data which are difficult to analyze. There are
few series reporting experience from a significant num-
ber of patients and obvious differences in symptom
description, modalities of pre-operative investigations,
surgical indications, type of approach, type and modality
of evaluation of the results further complicate the
analysis.
There is a lack of general consensus about the indi-
cation for surgery. In the majority of the series (78%)
a history of repeated infections or not well specified
“stridor” are included among the indications to aorto-
pexy, while in 22% of the series the only indications were
represented by severe apneas or ALTE or failed extuba-
tion. However, general agreement does seem to exist be-
tween the authors that one or more episodes of ALTE
are an indication for aortopexy, though ALTE represents
only less than 50% of surgical indications to aortopexy in
the series evaluated.
Another matter not well defined is which pre-operative
investigations are necessary.
All the following investigations have been reported in
the series evaluated to diagnose TM and comorbidities:
laringo-tracheo-bronchscopy, oesophago-gastroscopy, bar-
ium swallow, angiography, bronchography, lateral chest
radiograph, computerized tomography scan, magnetic
resonance, oesophageal manometry, ph study, echocardi-
ography. A matter of agreement was the use of endos-
copy as the most useful investigation to diagnose TM.
Both rigid and flexible bronchoscopy were used and were
able to help diagnose TM under spontaneous breathing.
While flexible bronchoscopy is less traumatic, the advan-
tage of rigid bronchoscopy is to better evaluate the
presence of a proximal or recurring TOF, the length
and diameter of the malacia. The percentage of lumen
obstruction that represents an indication to aortopexy is
controversial, varying, according to the different authors,
from 30% to 70% [5,15]. The use of bronchography has
been abandoned by most centres, but it is still used in
association with bronchoscopy to obtain more informa-
tion from a combined investigation [6,16]. Bronchography
gives a dynamic and morphologic evaluation of whole
tracheobronchial tree and allows an accurate measure-
ment of the airway lumen under different ventilation
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Very different opinions exist between authors on the
value of intra-operative bronchoscopy, which is advo-
cated by many as necessary in order to make sure that
aortopexy will be effective and not mentioned or consid-
ered useless by others [7]. Intra-operative bronchoscopy
can be used to determine the number of stitches neces-
sary to improve the tracheal lumen. In our study, intra-
operative bronchoscopy was preferably performed in
more than one third of cases, while it was considered
unnecessary by 58% or only seldom performed in 12.5%
of cases.
There are many differences between the authors
regarding the surgical approach to aortopexy (Table 2).
Left anterior thoracotomy can be considered the pre-
ferred approach by the vast majority of surgeons (72% of
the patients received a left anterior thoracotomy), but up
to one third of the patients are treated with other surgi-
cal approaches. Thoracoscopy has been used in 1% of
cases, belonging to three centres, though apparently with
satisfactory results, [4,13,17]. The theoretical advantage
of thoracoscopic aortopexy is obviously to reduce the
postoperative pain and the morbidity of a thoracotomy
or sternotomy.
As to the surgical details, differences exist between
authors regarding the value of opening the pericardium,
and the number and site of the aortopexy stitches.
Opening the pericardium allows the stitches to be
passed precisely through the aortic wall, while if peri-
cardium is not open, the stitches take the pericardial
sac. Surgeons usually pass the stitches via the aortic wall
at the origin of the right innominate artery, in one case
some additional point on the innominate artery itself
is given [15]. Other maneuvers seldom described in as-
sociation of aortopexy were pexy of the pulmonary trunk













RIB EXCISION AND STERNAL ELEVATION 1,03%effective to treat distal left main bronchus malacia than
aortopexy itself [18] or the pexy of the tracheal wall.
Whatever approach or technique were used, the effi-
cacy of the aortopexy in treating clinical symptoms of
TM was reported in more than 80%, of patients, but
there is a significant mortality (6%) and complication
rate (16.6% in total), although mostly associated with
diagnostic complexity and comorbidity (582 associated
comorbidities in 518 patients) of these cases.
These results suggest that aortopexy is an appealing
procedure for the treatment of different types of TM,
supporting the previous study in a relatively large series
of patients performed by our group had shown [6]. The
persistence of respiratory infections for many years after
aortopexy as reported by three different reports
[11,13,14] may suggest that the airway in TM patients
remains for some reason prone to this episodes despite
the resolution of the respiratory distress and therefore
the patients should be followed carefully by their Pae-
diatricians and Respiratory Physicians.
A possible source of complications is represented by
the population with TM and GOR. GOR is reported in a
significant percentage of patients with OA and TM
[10,19]. Both conditions are able to worsen the other, as
GOR can cause or maintain a TM by distending the
oesophagus or by vagal reflexes and the airway obstruc-
tion can predispose to GOR due to the increased work
of breathing. In the case of ALTE, both conditions
should therefore be investigated and possibly treated.
There is no consensus, however, which is the condition
to be treated first. In his series [7], Dave performed
6 Nissen fundoplications, in 3 patients before and in
3 after aortopexy and concluded that in his opinion
aortopexy should be performed before, in agreement
with Kiely [3] but this is influenced by the skills and
the preferences of the treating units. Consensus exist
that TOF must be ruled out and if necessary treated
before aortopexy. Kiely points out that aortopexy can
worsen the symptoms by an underlying TOF [3]. In
our review, the finding of a recurrent TOF after OA
repair was relatively high in TM population undergoing
aortopexy [6] and in some cases TOF was diagnosed after
aortopexy [3,11]. It is not clear if recurrent TOF might
be directly responsible of the TM or if other factors,
such as an initial increased distance between the upper
pouch and the TOF, could play a role on both TM
and risk of recurrence of TOF. Kathami observed that
TM was more pronounced when a more aggressive
dissection of TOF was performed at the OA repair
[20]. It is interesting to observe that TM is much
more frequent in association with OA with TOF than
with pure OA [7].
A comparative study of different treatments for TM,
such as aortopexy, tracheal stenting and others, is
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reviewed [21] compared tracheal stenting with aortopexy
and concluded that both were effective treatments for
TM but that tracheal stents were associated with higher
rate of failure, of severe morbidity and mortality. A
recent review by Cochrane on the different treatment
modalities for TM in children concluded that there are no
randomized studies comparing different approaches [1].
Conclusions
In conclusion, the literature review showed that the
aortopexy is effective in the majority of patients with
TM, but indications, surgical approach, evaluation of the
results varied largely between centres. The main pre-
operative investigation is reported as bronchoscopy. The
series with a large number of patients are few and rando-
mized trials would be preferable in order to evaluate the
different treatment modalities (open or thoracoscopic
surgery, endoscopic stent positioning, conservative treat-
ment) if a sufficient number of patients could be included.
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